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Color filter layer of cholesterically ordered material, and reflective LCD provided with such a 
color filter layer 



The invention relates to a color filter layer of a cholesterically ordered material, 
in which the axis of the molecular helix of the cholesterically ordered material extends 
transversely to the layer The invention also relates to a liquid crystal color display device of 
the reflective type, provided with such a color filter layer. 

5 

Color filter layers, also referred to as cholesteric mirrors, are known per se. 
They comprise a relatively thin layer of a liquid crystalline material having a cholesteric (or 
chirally nematic) order. The liquid crystalline molecules of this material have such a structure 
10 that they order to a spiral or helix-like structure in a solution -spontaneously or under the 
influence of given doping agents. After such a solution has been provided between two 
parallel substrates, this helix -like structure is aligned in such a way that the axis of the 
molecular helix extends transversely to the layer thus obtained. A better alignment of the helix 
is obtained if an orientation layer is provided on the facing surfaces of the substrates, 
15 When unpolarized light is incident on such a color filter layer, that part of the 

light which 'Tits" the (dextrorotatory or ievorotatory) direction and pitch of the helix is 
reflected, whereas the rest of the incident light is transmitted. If desired, this transmitted light 
is absorbed on an absorption layer which is present behind the color filter layer. The 
(reflected) color of the layer is mainly determined by the pitch of the cholesterically ordered 
20 material. Such filter layers may be used as coating layers or as mirror layers, for example for 
decorative purposes. 

The known color filter layers have a major drawback. It appears that the color 
(= reflection band) of the color filter is strongly dependent on the angle at which the filter is 
viewed. This phenomenon is known as color shift. This color shift is caused by the strong 
25 angle-dependent anisotropic properties of the cholesterically ordered material. Such a color 
shift is unacceptable in a large number of applications. 
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It is an object of the invention to obviate the above-mentioned problem. More 
particularly, it is an object of the invention to provide a color filter layer in which there is" 
hardly any or no color shifL 

These and other objects of the invention are achieved by means of a color filter 
5 layer of the type described in the opening paragraph which, according to the invention, is 
characterized in that the color filter layer comprises at least one or more dyes which absorb 
unwanted colors caused by color shifts. 

Due to the presence of one or more dyes in the color filter layer, unwanted 
colors can be absorbed. This inhibits color shift of the filter. The dye(s) should therefore 
10 preferably be chosen to be such rhat its (their) absorption wavelength(s) conespond(s) to the 
wavelengch(s) of the unwanted color(s). Per desired color (= reflection band) two dyes are 
preferably present in the filter. The absorption band of both dyes should have at least some 
overlap with both edges of the reflection band of the cholesterically ordered material. A filter 
of this type has the important advantage that also the intensity of the color does not have any 
15, angle dependence. It will be evident that in this case a single dye having two or more 
absorption bands may also be used- 

A favorable embodiment of the color filter layer accorfing to the invention is 
characterized in that the cholesterically ordered material comprises a polymer network. Such a 
network consists of a polymer material having a three-dimensional structure. At least a part of 
20 the liquid crystalline molecules present in the layer is preferably incorporated in the network. 
The presence of such a network causes the reflection characteristic of the color filter to be 
relatively insensitive to mechanical tensions and temperature changes. 

A further preferred embodiment of the color filter layer according to the 
invention is characterized in that the pitch of the molecular helix is varied in such a way that 
25 the difference between the maximum pitch and the minimum pitch is at least 20 nm. 

Cholesteric color filter layers ordered in such a way have a relatively broad reflection band 
which, dependent on the refractive indices of the layer, may have a width of 80 nm or more. 
The possibility of adjusting the width of the reflection band provides great advantages in the 
eventual color setting of the color filter. The pitch difference is preferably 50 nm or more. US 
patents US 5,506,704 and US 5,793,456 in the name of the applicant describe a method of 
manufacturing such a broadband color filter. 

A further preferred embodiment of the color filter layer according to the 
invention is characterized in that the dye(s) is (are) incorporated in the network via chemical 
bonds. This measure promotes the stability and durability of the color filter layer according to 
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the invention. Separating one or more of the dyes from the cholesterically ordered layer (for 
example, by phase separation) is thereby inhibited. 

The invention also relates to a liquid crystal color display device of the 
reflective type, provided with such a color filter layer. More particularly, the invention relates 
5 to a liquid crystal color display device of the reflective type, comprising two substantially 
parallel substrates provided with an electrode layer and an orientation layer between which a 
layer of liquid crystalline material is present, one substrate being provided with a broadband 
absorption layer, a patterned color filter layer of cholesterically ordered material, and a 1/4X 
layer, and the other substrate being provided with a polarizer 
1° Display devices of the type described above are known. For example, Figs. 3 

and 4 of European patent application BP-A 600 349 show two such display devices. In 
principle, display devices of the reflective type do not require any backlighL. Consequently, the 
reflective display devices have a relatively low energy consumption. 

The operation of a liquid crystal color display device of the reflective type with 
15 a cholesteric color filter is based on the following principle. An incident ray of light of 
unpolarized white light is polarized by the polarizer to linearly polarized light and is 
subsequently incident on a pixel of the LC material. If this pixel is not driven by means of an 
electric voltage, the light ray passes through the LC material and its direction of polarization is 
rotated, for example 90°. Subsequently, upon passing through the 1/4A, layer behind this 
20 material, it is converted into levo-circularly polarized light. 

The part of this polarized light having a wavelength outside the reflection band 
of the color filter layer of the ordered cholesteric material completely passes through the color 
filter layer and is absorbed in the broadband absorption layer. The part of the light having a 
wavelength within the reflection band of the color filter layer is, however, completely reflected 
25 on the color filter layer. Upon passage through the 1/4X layer, the direction of polarization is 
convened again into levo linearly polarized light. The direction of polarization of the light ray 
is again rotated in the layer of LC material, for example 90° again, but now in the opposite 
direction so that the total rotation is 0°. As a result, this light ray has the correct direction of 
polarization for passing through the polarizer. A viewer now sees the reflection color of the 
30 color filter layer of the relevant pixel. 

The color filter layer consists of a pattern of three types of pixels associated 
with cholesteric materials having different reflection bands. It is possible to manufacture liquid 
crystal color display devices of the reflective type with such filters. When driving the pixel, 
the direction of polarization of the linearly polarized light is not rotated in the LC material. 
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Upon passage through the 1/4X layer, the direction of polarization is now converted into 
dextro-circularly polarized light The color filter reflects exclusively levo-circularly polarized 
light of a given wavelength. The presented dextro-circularly polarized light is fully passed and 
absorbed in the absorption layer so that nothing of this light reaches the viewer. The viewer 
5 thus "sees" a black pixel. 

Liquid crystal color display devices of the reflective type have a major 
drawback. When watching such display devices, color shifts soon take place if a viewer does 
not watch the device from a substantially perpendicular direction. 

It is an object of the invention to overcome the above-mentioned drawback. 
10 More particularly, it is an object of the invention to provide a liquid crystal color display 
device of the reflecuve type in which the color shift problem is considerably alleviated. 

These and other objects of the invention are achieved with a liquid crystal color 
display device of the reflect! ve type as mentioned in the opening paragraph, and is 
characterized in that the color filter layer also comprises one or more dyes which absorb 
15 unwanted colors caused by color shifts. 

The invention is based on the recognition that the presence of dyes in or near 
the color filter layer can absorb the unwanted colors leaving the device at an oblique angle. It 
has been found that, if the device is viewed at an oblique angle, the wavelength of the relevant 
pixel shifts to a smaller wavelength. By suitable choice of the bandwidth of the primary colors 
20 from the color filter layer and the dyes, the problem of unwanted color shift is alleviated 
considerably. 

The dye(s) is (are) preferably chosen to be such that an edge of the absorption 
band of one or more of the dyes coincides exactly or substantially exactly with an edge of the 
reflection band of the relevant pixel. Usually, a cholesteric material with a reflection band 
25 between 610 and 670 nm is used for the red color, a cholesteric material with a reflection band 
between 490 and 540 nm is used for the green color, and a cholesteric material with a 
reflection band between 435 and 475 nm is used for the blue color. Since the color shift only 
tends towards smaller wavelengths, the dye(s) should in this case be chosen to be such that the 
absorption band edge with the greatest wavelength substantially coincides with 610 nm (red), 
30 490 nm (green) and 435 nm (blue). 

The fi Iter preferably comprises two dyes per desired reflection band. The 
absorption band of both dyes should have at least some overlap with both edges of each 
reflection band of the cholesterically ordered material. A filter of this type has the major 
drawback that also the intensity of the color does not have any angle dependence. It will be 
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evident that fewer thai, six dyes may be used in this case if one or more of these dy es has two 
or more absorption bands. 

In principle, it is possible to provide the dyes as a separate, patterned layer 
directly on the color filter layer. A preferred embodiment of the display device according to 
the invention is, however, characterized in that the dyes are mixed with the cholesterically 
ordered material of the patterned color filter layer. From a production-technical point of view, 
the provision of such a mixed layer of cholesteric material with a dye has obvious advantages. 

A further preferred embodiment of the display device according to the invention 
is characterized in that the cholesterically ordered material of the color filter layer is 
polymerized to a polymeric network, in which the difference of pitch length of the cholesteric 
helix is at least 20 nm. In this case, it is possible to choose the bandwidth of the reflection 
band to be broader than the "window" provided by the dyes used; 

A favorable embodiment of the display device according to the invention is 
characterized in that the cholesterically ordered material has a focal-conic texture. In this 
texture, the average direction of the cholesteric helix is transverse to the color filter layer, but 
there is a certain spread of the angle at which the individual helices extend to the angle with 
said layer. Consequently, instead of a specular reflection of the incident light, a diffuse 
reflection is obtained. This contributes to the image quality and the viewing an gl e dependence 
of the display device. Said focal-conic texture may be obtained by giving the surface of the 
color filter layer a special treatment. However, this stabilization is preferably achieved by 
incorporating the dyes in the form of dispersed pigments in the color filter layer. 

A further advantageous embodiment of the display device according to the 
invention is characterized in that the dyes are incorporated in the network via chemical bonds. 
Th.s has the advantage that the durability and stability of the color filter layer are improved. 
Separation of one or more dyes from the cholesterically ordered layer is thereby prevented. 

These and other aspects of the invention are apparent from and wjlJ be 
elucidated with reference to the embodiments described hereinafter. 



30 la the drawings: 

Fig. 1 is a diagrammatic cross-section of a color filter layer according to the 



invention, 



Fig. 2 shows the chemical structure formulas of a number of compounds used 
Within the scope of the invention, 
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Fig. 3 shows diagrammatically some spectra of a color filter Jayer as shown in 

Rg. 4 is a diagrammatic cross-section of a liquid crystal color display device of 
the reflective type according to the invention. 

It is to be noted that, for the sake of clarity, the Figures are not drawn to scale. 



20 



Fig. 1 is a diagrammatic cross-section of a color filter layer according to the 
invention. It comprises a layer 1 of a cholesterically ordered material in which the axis of the 
10 molecular helix of the cholesteric material extends transversely to the layer. The 
cholesterically ordered material comprises a polymer network and two dyes. The 
cholesterically ordered layer is provided on a substrate 2 of, for example, glass or metal, which 
is provided with an orientation layer 3 of rubbed polyimide, If desired, the substrate may 
alternatively consist of a flexible material, for example a synthetic material. 
15 ^ c ° ,or fiIt «" la yer shown in Fig. 1 was manufactured as follows. The method 

started from a mixture of two reactive monomers consisting of 50% by weight of the chiral 
monoacrylate A and 50% by weight of the achiral diacrylate B. Added to this mixture were: 
0.7% by weight of an UV-absorbing dye C (Abs max at 334 nm), 0.25% by weight of dye D 
(Abs max at 485 nm) and 0.25% by weight of of dye E (Abs max at 682 jim). Furthermore, 
0.6% by weight of the photoinitiator Irgacure 651 (Ciba Gcigy) and 40 ppm of the stabilizer p- 
methoxypheno) were added to the mixture. The chemical structure formulas of said 
compounds are shown in Fig. 2. 

A quantity of the mixture thus manufactured was introduced between two 
substantially parallel glass substrates spaced apart by approximately 15 pm . The facing 
25 surfaces of the substrates were provided with an orientation layer of rubbed polyimide. 

Subsequently, the reactive mixture was polymerized by means of UV light (365 nm, I 0 = 0.05 
mW/cm 2 ) at room temperature for approximately 10 minutes. During this polymerization, a 
relatively broadband color filter layer having a three-dimensional polymer network was 
obtained. Finally, one of the two substrates was removed. 

Fig. 3 shows diagrammatically a combination of the absorption spectrum and 
the reflection spectrum of the color filter layer described hereinbefore. The reference numerals 
1 and 2 denote the absorption spectra of the dyes D and E. They leave open a relatively narrow , 
transmission range between approximately 545 nm and 588 nm. The reference numeral 3 
denotes the reflection spectrum of the cholesterically ordered material of the color filter layer 
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for unpolarized light. This was measured perpendicularly to the layer jn the absence of the 
dyes D and E. The reflection spectrum has a bandwidth of approximately 80 nm and ranges 
from 543 nm to 625 nm. Due to the presence of said dyes, the color filter layer actually 
reflects only light in the range between 545 nm and 588 nm. The visible light outside this 
5 range is absorbed by the dyes D and E. 

The reference numeral 4 denotes the reflection spectrum of the cholestericaJIy 
ordered material of the color filter layer for unpolarized light. This was measured at an angle 
of 45° under the normal of the layer and in the absence of the dyes D and E. Under these 
circumstances, the entire reflection spectrum has moved to a lower wavelength and now 
10 ranges between approximately 525 nm and 608 nm. The bandwidth remains approximately 
equal (80 nm). Due to the presence of said dyes, the color filter layer now actually also reflects 
only light in the range between 545 nm and 588 nm. The visible light outside this range is 
absorbed by the dyes D and E. 

In the absence of the dyes D and E, the viewer would observe a clear color shift 
if he viewed the color filter layer at different angles. The presence of the dyes and the position 
of their absorption spectra with respect to the reflection spectrum of the color filler layer have 
the result that this color shift does not occur. The intensity of the filter also remains equal 
because there is a considerable overlap between said reflection spectrum and dye E at the edge 
and at the highest wavelength. 
20 Fig. 4 is a diagrammatic cross-section of a liquid crystal color display device of 

the reflective type according to the invention. It comprises a transparent substrate 11 of, for 
example glass, a surface of which is provided with a black absorbing layer 12, for example of 
a black lacquer. The other surface is provided with a thin orientation layer (not shown) on 
which a pattern of red (R), green (G) and blue (B) color filters is provided. In the relevant 
25 case, each filter consists of a layer polymerized to a three-dimensional network having a 

thickness of approximately 5 um of cholesterically ordered liquid crystalline material having 
the wavelength associated with the desired color, and at least one dye. 

Subsequently, a 1/4X retardation layer (not shown) of approximately I um 
thickness is provided on the color filter layer thus formed, dependent on the birefringence of 
the liquid crystalline material. This retardation layer may be made of a uniaxially nematic 
liquid crystalline material or of a glass-forming liquid crystalline material. An orientation layer 
of rubbed polyimide is used for aligning this layer which can be provided by means of spin- 
coating. 
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An electrode layer 13 of transparent material is provided on the retardation 
layer. Good results are achieved with ITO-like materials which can be provided in patterns by 
means of sputtering. An orientation layer 14 for orienting the layer 15 of liquid crystalline 
material to be switched is present on this electrode layer. This orientation layer is present 
5 between the above-mentioned substrate 1 1 ,and a second transparent substrate 17 which may 
also be made of glass. This substrate is also provided with an electrode layer 18 and an 
orientation layer 19. 

The rows of electrodes of the electrode layers 13 and 18 jointly constitute an 
electrode array with which small areas (pixels) of a layer 15 can be driven via an electric field. 
10 The size of these areas approximately corresponds to the size of the smallest dimensions of the 
patterned color filter layer. 

The liquid crystal color display device shown in Fjg. 4 also comprises a 
- polarizer layer 20. This layer is provided on the surface of the substrate 17 remote from the 
substrate 11. 

The color filter of the reflective display device according to the invention was 
manufactured as follows. A thin layer comprising the above-mentioned mixture of reactive 
acrylates with dyes was provided on the orientation layer on the substrate U. The ratio 
between the two acrylates was chosen to be such that the desired reflection wavelength range 
was obtained. This is the range between approximately 610 nm and 670 nm for the red pixels, 
20 the range between approximately 490 and 540 nm for the green pixels and the range between 
approximately 435 and 475 nm for the blue pixels. 

A small quantity (approximately 0.2% by weight) of one or two dyes having the 
desired absorption characteristic was added to these mixtures. In the relevant case, these were 
the compounds F and G for the red pixels, the compounds F and H for the green pixels and the 
25 compounds H and I for the blue pixels. The chemical structure formulas of the compounds F 
(Abs max at 392 nm), G (Abs max at 489 nm), H (Abs max at 590 and 637 nm) and I (Abs 
max at 539 nm) are shown in Fig. 2. 

After a first layer was provided for, for example the red pixels, the layer was 
oriented by means of a matrix which was also provided with an orientation layer. 
Subsequently, pattern exposure took place. After removal of the unpolymerized material with 
2-propanol, a second layer for, for example the green pixels was provided. It was provided 
with a matrix in the same manner and subjected to a pattern exposure. This method was finally 
repeated for providing the blue pixels. After the color filter layer has been provided, a thin 
planarizadon layer may be provided, if desired, before providing the retardation layer. 
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Subsequently, an electrode layer and an orientation layer were consecutively provided on the 
retardation layer. 

A display device was manufactured by means of the substrate thus obtained. A 
second substrate was provided with a polarizer, an electrode layer and an orientation layer as 
5 described with reference to Fig, 4 and a cell was formed which was filled with a liquid 
crystalline material. The extent of color shift was examined by viewing the different pixel 
colors of the cell, both perpendicularly to the cell and at an angle of 45°. 

It has proved to be possible to considerably suppress the color shift, which 
usually occurs when viewing the device from different angles, with the liquid crystal color 
10 display device of the reflective type described hereinbefore. 
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L A color filtsr layer of a cholesterically ordered material, in which the axis of the 

molecular helix of the cholesteric material extends transversely to the layer, characterized in 
that the color filter layer also comprises one or more dyes which absorb unwanted colors 
5 caused by color shifts. 

2 - A col °r filter layer as claimed in claim 1 , characterized in that the 

cholesterically ordered material comprises a polymer network. 

10 3 - A color fiter layer as claimed in claim 2, characterized in that the pitch of the 

molecular helix is varied in such a way that the difference between the maximum pitch and the 
minimum pitch is at least 20 nm. 

4l A col °* filter layer as claimed in claim 2, characterized in that the dye(s) is (are) 

15 incorporated in the network via chemical bonds. 

5 ' A li( l uid crystal color display device of the reflective type, comprising two 

substantially parallel substrates provided with an electrode layer and an orientation layer 
between which a layer of liquid crystalline material is present, one substrate being provided 
20 with a broadband absorption layer, a patterned color filter layer of cholesterically ordered 
material, and a 1/4K layer, and the other substrate being provided with a polarizer, 
characterized in that the color filter layer also comprises one or more dyes which absorb 
unwanted colors caused by color shifts. 

25 6l A dis P la y device as claimed in claim 5, characterized in that the dyes are mixed 

with the cholesterically ordered material of the patterned color filter layer. 

7. A display device as claimed in claim 5, characterized in that the cholesterically 

ordered material of the color filter layer is polymerized to a polymer network, with the 
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difference between the maximum pitch and the minimum. pitch of the molecular helix being at 
least 20 nm. 



8 - A display device as claimed in claim 5, characterized in that the chalesterically 
5 ordered material has a focal-conic texture. 

9 - A display device as claimed in claim 8, characterized in that the dyes are 
incorporated in the form of dispersed segments in the color filter layer. 

0 10. A display device as claimed in claim 7, characterized in that the dyes are 

incorporated in the network via chemical bonds. 



2004$ 9E28B 8«S49# FUJIMAKI PATENT 



NO. 1 809 P. 19 



1/4 



i 1 



3 



J-' 



FIG.1 



J? 0 0 o 

H 2 C=CH=C-O^O^C-0^0-C , -<gKO^-0-C--HC=CH. 



FIG.2A 



n P 0 

H 2 C = CH-C-O-(OC 2 ) 6 -O-^-C-0-<g>-O-C-@-OC B H 17 



FIG. 2B 



0 

C 6*13j-<§Hl^ 0 -(CH 2)rOH 

FIG. 2C 




FIG. 2D 



2004$ 9828B 8»f49ft FUJIMAKI PATENT 



NO. 1 809 . P. 20 



WO 00/33129 



PCT/EP99/08944 



2/4 

(gC°>4CH=CH^CH=<^ 



C 2 H 5 



C 2 H 5 



FIG. 2E 



FT 




0 



FIG. 2F 



H 3 C, 



NH 2 0 



NH 2 0 

FIG. 2G 



*N-®-N 



\ 



FIG. 2H 



CH 3 



C7Hi5-0-®~N # 0 



FIG. 21 



2004$ 9A28B 8»|49# FUJIMAKI PATENT 

WO 01V33129 



NO. 1 809 P. 21 

PCT/EP99/08944 



3/4 




20041 9A28B 8*490 FUJIMAKI PATENT 

WO 00/33129 



NO. 1 809 P. 22 

PCT/EP99/08944 




2004$ 9fi28B 8^49^ 



FUJIMAKI PATENT 



NO. 1 809 P. 23 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OPSUBJECT MATTER 

IPC 7 G02F1/1335 G02B5/3O 



According lo iniamaHenal Patent ClaasBcatlon (IPC) ar to Doin national daanllcallon and IPC 



Idle, onal Application No 

PCT/EP 99/08944 



a. FIELDS SEARCHED 



Mlntaum documentation aaarchad (etaaelrlcallon eyalam followed by claaameatlon oymbote) 

IPC 7 G02F G02B 



Documentation eearchod other than minimum documontation to ma asaant that auch decumonta are included In the Holds 



searched 



Electronic data b* 9 e consulted during the international SMr gh (name oi data baaa and. wnere practical, 



search terms uaedj 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with Mellon, whera appropriate, of the relevant parages 



US 5 683 622 A (KRAETZSCHMAR OLIVER 
AL) 4 November 1997 (1997-11-04) 
column 4, line 59 - line 62 

PATENT ABSTRACTS OF JAPAN 

vol. 1996, no. 01, 

31 January 1996 (1996-01-31) 

4 JP 07 239471 A (HITACHI LTD), 

12 September 1995 (1995-09-12) 

abstract 

US 5 506 704 A (LUB JOHAN ET AL) 
9 April 1996 (1996-04-09) 
cited in the application 
abstract; claim 1; figure 4 



ET 



Relevant to claim No. 



fY| FuthordocumentearonBtodlnthe continuation of box C 



1,2 
1,5 



3,7 



4 Special categories or oDod oocumenta : 

"A" document defining me general =tme of the art which )* not 
coosttxered lo bo of particular relevance 

" £n « a c rte f dOc ^ arttl > UI Pubii0hedonorAfterU» International 
"ung data 

I - document which may throw doubte on priority ciarmfe) or 
wftlch la cftod to ostobiigh tha publication daw Tol Xher 
citation or oihar spa a at reason (aa apeclfJsd) 

u O* document relarrtrtg to an oral djacioouro, uae, exhibition or 
other maane 

"P" document publiahad prior to the international Hllna dale but 
latarihon tha prtorfty data olfljmed "* uonaJ mn 9^om 



0 



Patent (amity mombwa are Hated In annox. 



Data ot the actual completion ot tho ihtamallonaJ March 

21 March 2000 



T later documanl piAJtshed after tha Intamationid filing date 
or prtortty date and not In oonllid wtth the appllcaUon bui 
cited to undaratand tha principle or thaocy undatlylno the 
Invention ' H 

"X B dooumentofpaniouiarrolovanca; thaclaimod Invention 
cannot bo oonalde red novol or cannot be conatdand to 
Involve an Invontlvo step whan tha document la taken aiono 

"y* document of particular re levanoo; i ho claimed Invention 
oannor ba conaldorod to involve an Invamtve slop when tho 
documaru Je combined wflh one or moro othar such docu- 
menla, such combination being obvious to a person «KWIod 
In tha an. 

document mamborot the eamo patent lam By 



Mama and moling address of tho ISA 

European Patent Office, P,& 5818 Pateoilaan 2 
NL- 226*0 HVRijflwfik 
TeL {+31-70) 34O-2040, tx. 31 fl51 opo m 
K31-70) 340-3018 



Forni PCT71GA/21Q (second stool) (July 1 902) 



Data of mailing of tha international eearch report 
28/03/2000 



Authorized offlcor 



gut, r 



page 1 of 2 



2004$ 9A28B mn 



FUJ IMAKI PATENT 



NO. 1 809 P. 24 



INTERNATIONAL SEARCH REPORT 



C.(ConUniiaHi>n) D OCUMENTS COWSIPeRED TO BBRELEVANT ■ 

CtaflQV* I Citation of document, «#, (nolcailon.whera appwpnsta. of th. n , mare piarafl9B 



Intel jnai Asplloatlon No 

PCT/EP 99/08944 



EP 0 600 349 A (SANYO ELECTRIC CO -TOKYO 
SANYO ELECTRIC CO (JP)) ' 
8 June 1994 (1994-06-08) 
cited in the application 
abstract; figure 4 



Hglsvent to claim No. 



Poim PCT/lSA«IO (conmuMon Ol Mound ehMR (Juy 1BK >| 



page 2 of 2 



2004$ 9A28B mn FUJ IMAKI PATENT 



NO. 1 809 P. 25 



INTERNATIONAL SEARCH REPORT 

Information on potent (am My member? 



Patent document 
cited In search report 



US 5683622 



publication 
date 



into. onoj Application No 

PCT/EP 99/08944 



Patent family 
members) 



04-11-1997 



DE 
CA 
OE 
EP 
JP 
JP 
KR 



4419239 
2148765 
59503128 
0685749 
2895418 B 
7333424 A 
155611 B 



Publication 
data 



07-12-1995 
02-12-1995 
17-09-1998 
06-12-1995 
24-05-1999 
22-12-1995 
16-11-1998 



JP 07239471 A 


12-09-1995 


NONE 






US 5506704 A 


09-04-1996 


AT 


178996 T 


15-04-1999 






CN 


1095164 A 


16-11-1994 






0E 


69417776 D 


20-05-1999 






DE 


69417776 T 


07-10-1999 






EP 


0606940 A 


20-07-1994 






JP 


6281814 A 


07-10-1994 






US 


5793456 A 


11-08-1998 


EP 0600349 A 


08-06-1994 


JP 


6167718 A 


14-06-1994 






US 


5555114 A 


10-09-1996 



Farm PCT71S4/210 (Mtent (amity *rm«) {JJy 1 892) 



